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ABSTRACT 

This student moduli on safety for 
.air equipment is one of 50 modules concerned with 

presents 



health. This module presents technical 

and stresses the procedures necessary fbtWarflr handling of compressed 
gases. Following the Introduction, 14 objectives (each keyed to a 
page in the text) the student is expected Ho acc&mplish are listed 
(e.g., Name the two common methods of transporting gases). Then each 
objective is taught in detail, sometimes accompanied by 
illustrations. Learning activities are included. A list-of references 
and answers to learning activities complete' the module. (CT.) * " 
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(_ ' • INTRODUCTION 

Gases in compressed or liquefied forms play an indispensable role 
today's modern technology. These gases are all* around us - compressed air 
for automobile tires, gases used in medical treatment, ^ertitizers\ for crop 
lands, and gases essential to making plastics. Even the comfort of our 
1 lying quarters depends on a xompressed gas (Freon) for heating and cooling. 

As the use of compressed gas grov^ in every area of industry, so does 

the worker's need for authoritative information on methods for -safe han- 

dling, control, and use of these- gases. Many of these gases are harmful in " 

any N sta£e; theyare either flammable, toxic, or corrosive; In the com T . 

pressed state, even nonharmful gases such as air can be hazardous, 
i / J 

|Th6 best way to avoid accident .ami personal injury on the job is to be 

able to identify the contents of each compressed gas container', to recognise 

the handli-ng problems that may be expected, and to -know the accepted safe 

methods of use. The final step is. to use these accepted procedures 'in han- 

dling compressed gases. * 

This module presents technical- data about commonly used gases and 

stresses the procedures necessary for safe handling of compressed gases. 

Examples of typical equipment and safe application for gashes are presented; 

the common oxyacetylene welding 

involved in using compressed gases 



process is ^jsed as, an example of the- hazards 
es. % • V' / 



OBJECTIVES 



„ 1 Upon completion of this module, the student should be able to: ; 

1. Name the two cpnfnon methods of transporting gases. * (P*ge 3) 

2. Descr1t|e five types of potentially hazardous gases. (Page 4) , /- 

3. Identify the differences between low-pressure .and- higti-pressare cylin- 
ders as related tb use and construction. (Page 7) 

4. .Describe three types of safety-reTlef devices for* compressed gas cynn- 
/ders. (Page 11) * * , " xa • 

• \ • ' •< ' , " A • • • • 
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5. Identify the hazards encoi/ntered in handling compressed gas cylinders 
on the job and state the safety measures required. (Page 12) 

6. Describe the types of cylinder dafoage and the\ method and criteria for 
periodic inspection* (Page 13) • ( ' 

7. Describe the types of storage areas acceptable for safe storage of com- 
pressed gas cylinders. (Page 15) s , 

&. Name the types of vehicles and containers thai are. widely used in the 

transport of comprfessed gases. (Page 17) '« 9 j~- 
9. State the classification of gas contained in a cylinder by identifying 

the DOT lal>el. (Page 18) * 

10. Explain the effect of heat on gas cylinders and tanks containing 
flammable gases. (Page'ZO) 

11. 'Identify the particular hazards of exygen, acetylene, MAPP gas, natural 
gas, liquefied petroleum gas, chlorine, ammonia, hydro^n, carbon 
dioxide, and fluorine. (Page 21) • 

12. Identify three main hazards associated with cryogens and tell the 

» 

particular hazards assoiiated w1th*liquid oxygen, liquid fluorine, and - 
liquid nitrogen*. (Page* 27). 

13. ^Explain the difference between medical-use and induSt<^al-use gases and-- 

give ffve~e*afnples of medical uses for gases. (Page 30) 

14. Describe the general safety hazards in using compressed air. (Page 31) 



% 
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SUBJECT MATTER 



OBJECTIVE 

ing gases 



1: Nam!* 



the two common methods o*f transport- 

\ 



s 



The materials used by workers 'in industrial jobs can come in many 
forms. 'One way^of classifying and inferring to materials is by their state 
of matter r solid; gaseous, or liquid. , 

Ga-ses are defined as'formless fluids that-occupy thei space of enclo- 
sure and that *can 'be changed to\tte liquid or solid state only by the com- 
bined effect of increased pressure and* decreased tempera^th^, "Occupy the^_ 
space of enclosure" simply -means th^t qases will "spread out" to fill* up 
"whatever space is available. 

Many of the gases beijig used in industry are manufactured frdbi the air 
(natural atmosphere) around us by compressing air- and removing the' heat gen- 
erated by compression until the air turns to liquid. The' composition of ai'r 
is given in' Table 1 below.- | - 



TABLE 1. APPROXIMATE COMPOSITION OF OR IT AIR. 



Cpmponent ' 


% bf^Volume. 


.Nitrogen 


78.03% 


Oxygen - 




Argetn % * 


0.94% 


Carbon Dioxide 


! 0.03% 


Hydrogen 


t\ 0.01% 


Neoo 


0:00123% 


Helium ' , ' „ ' 
Krypton * 


0.0004% 
, 0.0005% 


t Xenon ,- 


' • 0.000006% 



After the <ai\r turns tp liquid, the individual gases are produced by 
controlled reheatjfng '(separatfbn of the liqii^t^that allows each gas in t^e 
liqiifd to boil off to a qaseons stha'te at" its' natural qasi'fication psinl)* 
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This liquid air process uses enormous amounts of energy and requires exppn- . 
sive machinery. To make the use of gases economically feasible, air reduc- 
tion facilities must have a 'safe and manageable way of~tr^nspor,ting gases /to 
the consumer. * / 

Whether gases are carried by rail, water, air, or Highway, the two com- 
mon methods 6f "packaging" for shipment are in the gaseous state, compressed 
at over 25 pounds per square inch gage (psig) or in the liquid state, in — • 
Qrycjgenic containers (containers of very low temperature) at less than'25 
psig. 



ACftVITY 1: 



(Fill in the blanks.) 
' i. Compressed gases are those thathave been contained 

at over . ^ n 

2. Gases can be transported J n the 



state, in • containers. 



OBJECTIVE 2: 

* 


Describe five types of potentially hazard- 


ous gases. 







To ensure safe' handling and transporting of gases, the gases manufac- 
tured from air, as well as other gases N are subdivided by their effects or\ 
human beings. The gases are then labeled according to Department of Trans- 
portation categories.' These categories are explained below. 

flammable gases, when mixed with air, oxygen, or Qther oxidants, burn , • 
or explode (depending upon the degree of confinement)/ upon igifttion. Each 
flammable g$s has a gas-1n-oxidant concentration range within the limits of 
which the gas may be ignited. Flammable ranges ard expressed, in terms^of 
air at 'ambient' (surrounding) temperature and atmospheric pressure. A changed 
1n temperature, pressure, or^oxidant concentration may vary the flammable 



♦Answers to Activities begin on P^e 34, 
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' range considerably. Mixtures above.and below the flammable range do not* ig- 
rrite. As a precaution in handling flammables, care must be taken to elimi- 
nate all possible sources of ignition through the proper design of facili- 
ties, the installation of approved* electrical systems, the restriction of 
smoking, and the prohibition of 'the use of open flames. An explosimeter w 
should be'used to determine'the presence of a flammable mixture 'in areas of 
suspected leakage. Some examples of flammable gases that workers encounter 
x in industry are acetylene, propane, butane, methylacetylene-prop^diene^ 
^ (MAPP), and hydrogen. 

A number of tjaSes, although nonflammable, may initiate apd support com- 
bustion. These gases are known as Oxidants. Materials that burn in air, 1 
burn more vigorously (even explosively) in oxygen and certain 'other oxi- 
dants. All- passible sources of ignition must be eliminated v/hen handling ■ 
oxidants. Oxidants must not be stored wtth combustible^materials. Oil, 
grease, or other readily combustible substances f?iust~not come in contact * 
„~with cylinders or equipment used in oxidant services. 
r Corrosives are those products that erode and \ieteriorate~materials 
(metaTs, fabrics, and human tissue) with which tney come in contact. Some 
"gases, although not. corrosive in their anhydrous (without** water) form, be- 
come corrosive in the presence of water. Special care must be taken when 
selecting the proper construction materials for equipment in which corro- 
' sives are handled. Gases that do*not cause deterioration but do induce in- \ 
'f lammation .of human tissues are known as irritants. 'Inflammation of the 
tissue may occur after immediate, prolonged, or ^repeated contact w'ith the 
irritant. Gases which are irritants may also be corrosive to substances 
t other than human tissue. Ammonia gas is the corrosive-irritant that is 
probably most frequently encountered in Industry. \ Protective clothiRg and 

Equipment must be used to- minimize exposure to corrosive frr i rritatingxmate- 

i ♦ 

rials. 

* * r 

Gases that do not react at ordinary temperatures and pressures with* 

other materials are classified as inert. If rel< 

inert gases may displace the oxygen content of t< 

essary to sustain life*/ Ttrerefore; asphyxiation (death from lack of oxygen)* 

* 

1s 'the hazard associated with inert products. Adequate ventilation and mon- 



l^L^d in a confined are^f 
t^^ir below the level nec- 



V 
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itoring of the .oxygen content of confined areas minimizes the possibility of 
asphyxiation. Examples <}f gaSes that do not react with other materials are 
argon, carbon dioxide, helium, and nitrogen. 

Toxic materials are those substances that may chemically produce injur- 
iou;s or lethal effects. Thedegree of toxicity and the effects vary with 
the compound. Some gases are especially dangerous because they do not pro- 
vide adequate^warning of their presence (by color, odor, and so forth) at 
low le\lk of concentration.- Also, some products that «*are nontoxic in them 2; 
selves react with tertain chemicals or decompose at*'elevated tempera- 
tures to produce toxic qpterials. One of the most common of toxic gases is 
carbdn monoxide. Adequate \4gj1ti lation, protective clothing, and suitable 
breathing equipment* must bemused to minimize exposure. 

Soms gases having very low boi 1 ing points are stored as liquids in in- 
sulated vacuum-jacketed j^^iners know a^'dewars, or in -insulated pressur- 
ized cylinders. Contact witlrthese liquids causes 'burns" due to the freez- 
ing of the skin tissue by the rapidly evaporating liquid. Also, the liquid 
piiotfuces'a large volume of gas when "it vaporizes. In inadequately' venti- 
lated ar^as, this large volume of gas may decrease the oxygen content of the 
air below the level necessary, to sustain life. Adequate ventilation moni- 
toring of the oxygen content of confined areas and the use of protective 
clothing minimize the hazards. Examples of materials stored as liquids' and 
classified as "cryogenic" are liquid nitrogen and liquid oxygen. 

, This module addresses primarily those gases in each category normally 
.found in the industrial setting. The worker should either consult the ref- 
erences listed at, the end of this module if other compressed gases are en- 
countered, or contact the supplier of the specific compressed gas prior to 
use. 



ACTIVITY 2: 



Match each term 1n the left-hand column with its des- 
cription in the right-hand column. 

' 1. Flammable gases. a. Causes Inflammation 

of human tissue. 

^. Oxidants. b. Oeath from lack of 

~~ — h oxygen. 
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3. Corrosives. c. 



,4. Irritants. d. 




5. * Inert gases. e. 



6. Asphyxiation. f . 



# 7. Toxjc gases. 



8. Cryogenic materials, h. 



Will burn or explode # 
}n the presence of * 
air or other oxi- 
dants: 

In cor*fjned spaces, 
may displace the oxy- 
gen in the air, lead- 
ing to asphyxiation. 

Materials having low 
boi 1 ing points that 
•are stored' as liquids 
in debars. 

Poisonags gases; sub- 
stances that can 
chemically produce 
lethal effects. 

Materials that cor- 
rode or deteriorate 
materials they con- ' 
tact. 

Materials that sup- 
port combustion. 



r 



OBJECTIVE 3: Identffy'the differences between low-pres- 
w sure and high-pressure cylinders as related to use apd _ 
construction. 



4- 



' Gases exert pressure; Gases actually consist of a large number of ex- 
tremely small particles, called molecules, that continually fly about in th 
space they occupy. Any container of a gas will be* bombarded by these flyin 
molecules striking the insides of the container walls; thus the gas occupies 
the space of enclosure. Enough 'space exists between the molecules in a gas 
that mone gas can «be added into a given space and will fit, but at the same 
time more and more molecules will be hitting the sides of the container. 
'The energy of. these bombardi ng. molecules creates pressure. The greater the 
number' of molecules of gas that are present in,the container and the faster 
they move, the higher the pressure. Compressed gases have to be contained 
in specially built cylinders that are designed to accommodate the pressure 
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*pf a lot of gas compressed into a relatively small volume. Examples of this 
kind of container are -the acetylene and oxygen cylinders used for the stan- 
dard ,oxyactylerie welding rig "(Figure 1). 

The Department ofTransportation (00T) has provided for safe methods df ^ ^ 
transporting" al 1 categories of gases by controlling the design of, shipping 
and storage containers for gas. Compressed gas cyl inders- (containing gas at 
over 25 psig [pounds per square inch gage]) are subdivided , into categories 
of low pressure and high pressure. Any, cylinder that is designed to retain j/ 
gases ata'marked service pressure of less fcfian 900 psig is 'defined as .a ^ 
Tow-pressure cylinder* Acety-lene cylinders with an 'authorized service 
pressure of 25^0 psig ace' examples of Tow-pressure cylinders. 



CYLINDER CAP -* 



fpjU- CYLINDER CAP 



LOW PRESSURE 
ACETYLENE 



HIGH PRESSURE OXYGEN 



ACETYLENE CYLINDER 




OXYGEN CYLINDER 



Figure 1. Acetylene and oxygen cylinders in standard oxyacetylene 

welding rig. * * v 

Low-pressure cylinders are usually manufactured from several drawn sec- 
tions and welded together, as shown 1n Figure 2. 00T requires that all such 
construction, whether* of cylinders, cr tank cars, be' performed in accordance 
with American Society f<*. Mechanical Engineers' (ASME) -Unified Pressure Ves- 
sel Code. ASME Section IX- i s used to control all qualification's of process, 
procedures,* and operator qualifications. 
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DOT also specifies the'^tyRe^oJ **tal tha't are used fori construction 
.and thetr thickness* Acetyl einl^, MAPP; # and propane wall thicknesses range 
from*Q.78 inch toO.128. inch anct usually are* either mild steel or: chromium 
moly .base metal • 





HOLLOW WELDED 
CONSTRUCTION 



ACETYLENE 
CYLINDER • 



MAPP CYLINDER 
METHYtACETYLENE 
PROPADINE STABILIZED 



Figure 2. Example of low-pressure 
' - cylinder construction* 



i are' e 

' -\ , • • :, • 

* ' Cylinders with marked service 
; pressures of. 900-psig or greater ' 

are defined as high-pressure cy-' 
( lindens. Th f i s working pressure' 
will ^be stamped on^the shoulder of ) 
' thp cylinder, as show# # in Figure 
3. Oxygery cyl inders are examples 
of the hi$|h-pressure (22.00;psig) - 
cyl infers. % * * ' 

Highi-presstire cy 1 inder^Jlr^ 
manufactured from a (jne-piece 
fogging' with the rreck* formed by 
spinning to shape, *The base metal 
used depends on the DOT specifica- 
tion to which it is manufactured. " 
<> 

Cylinders stamped with DOT 3A . 
»■ . J 
2015 are usually made fpom 



manganese steels and -have a working sferv,vce pcessure^f 2015 ps>g when mea- 
sured at 7VF. Cylinders stamped with DOT 3AA.'and 2400 indicate a cylinder 
fabricated^ from higher strength chromium molybdenufl steel, heat-treated 
after forming to produce a lighter weight cylinder and a* higher*workintj (or 
service) pressure of 2400 psig minimum when meaigred at 70°F. 

» Liquid gas cyl inders^taust not only contain the gas at high pressure, 
t?ut must also be designed to keep the liquid .(such as Oxygen or argon )" * 
cold* Most liquid gas containers are b*ilt ljke a thermos with high-density 
Insultt/tyu 1 



j 



r 
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INTEGRAL STEEL IDENTIFICATION 
COLLAR WITH TREADS FOR METAL * 



OA^TEOF 

HYORO^TAT(P 

TESTIS) 




PROTECTIVE CAP 



COMPANY IDENTIFICATION . 
STAMPED* 

NECK SPUN TO SIZE 



ICC OR DOT CODE FOR TYPE 
OFMATERtAL - SERVIC^PRESSURE 



ONE PI€CE ;SOj-lD/5TEEL 
FORGED CONSTRUCTION 




Jfh BRONZE ALLOY 



HIGH PRESSURE VALVE 



•NOTE; ALL ' 
STAMPING IN THICK 
SHOULDER AREA 




r 



, EXTERIOR / . 

Figure 3; Typical high-pre$sure r cyl inder construction, 



CROSS SECTION 



ACTIVITY 3: 



(Fill in the blanks.} 
^ l. m The highest pressure cylinder! are usually fabri- . 

♦ base metal. 



cated from 



piece design 



2. High-pressure cylinders are of 

formed b^ forging or extrusion. 

3. Low-pressure cylinders are fabricated using 

design to the ; Unified Pressure Ves- 
sel Code. 

v 4. A cylinder stamped with DOT 3 AA -would have a ser- 
vice, pressure psig. 
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OBJECTIVE 4: DescM be. three types of safety-relief de- 
vices for compressed gas cylinders. 



Most of today's gas cylinder? are equipped with some kind If Safety- 
relief '.device. A safety-relief device can prevent rupfure of a cylinder 
w£en there is 4 sudden increase in pf^ssure'dtie to heat buildup. Without a< 
safety-relief device, increased 'pressure can cause a violent rupture of the 
cylinder- and its being propelled like" a rocket at a uary high rate^ of 
speed. * If the pressure is vented into the air gradually £y the use of a 
sa'fety-rel ief device* the hazard of violent rupture can be avoided. 
• * Three types of safety belief devices in general use today are - 
• Safety-relief valves. 

\ • Frangible*d>scs. - % 

a, * ^ I 
^ * Fusible plugs. > h ' 

AVI three are capable of relieving gases, bwt each one worJc in a different 

.way. V 

A safety-relief valve is part of the cylinder. Spring farce us ua fly 
holds the valve in a ^closed^position. When the pressure in* the cylinder be- 
t corner greater than that of a normally charged 'cylinder .at 150°F, the valve 
resets itself, opening to release the contents of the cylinders When. enough 
gas has been released to bring the pressure within safe limits, the valve 
resets itself, closing until pressure builds^up again. 

The frangible (easily broken) disc cannot reset itself. As the name 
suggests, the metal disc is designed to break at a certain pressure and re- 
lease the contents of the cylinder. Frangible discs are* used aloqe and in 
combination with safety-relief valves. 

A third type of safety-relief valve is the fusible plug. A fusible 
plug is activated by t^nperature rath§r than pressure. Some gases decompose 
it elevated temperatures, and decomposition results in rupture of the tank. 
A temperature-activated devige 1s more suitable than a pressure-activated 
device for th^e gases. 
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Compressed gas cyltnders use a combination of safety-relief valves, 
frangible discs-, and fusible plugs ttf prevent cylinder rupture. 



ACTIVITY 4: 



1. ' Name the type of safety*relief device than ran re- 

set itself'. \ . 

2. Name the type of safety-relief device that is acti- 
vated 1y temperature, J 

3-. Name thrf type of safety-relief device that breaks- 
in order to release- gas. 



06JECTIVE 50 Identify the hazards encountered in'handling 
compressed gas cylinders on the job and state the safety 
measures required. 



J 

A compressed gas cylinder Ihust be capable of being transported hundreds 
of miles* during its working lifetime and of being handled by skilled and un- 
skilled workers. For economic reasons, the DOT and the manufacturer have . 
„spent much time and energy designing a Tight-weight container that allows 
the maximum number of cylinders to be hauled in ^^Ji^truckload. These 
(organizations have also built 1n safety features as a protection against 
accidental rupture. However, the workers must do their part by handling 
each cylinder using proven safe procedures to protect the cylinder from dam- 

The worker should follow certain safe procedures - 
Only cylinders meeting DOT regulations should be used. t 

Filling or charging of cylinders should' be done only .by qualified 
personnel . { 
Gas should never be transferredr from one cylinder to another. 
The gas should always Be referred to by Its technfcal name. 
. 5. Cyllndjk labels should n^t be mutilated, changed, or removed. 

6. When nQt 1/1 use, each cylinder must have Its protective cap 
secured over -the cylinder valve. • 



age 



2. 

3. 
4. 
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7. AU cylinders should be storied in an u^fight position, 
8 f . All cylinders must be secured In storcftj^, 

9, All cylinders must be secured rfuring transportation, - use a suit- 
able'hand tnick, x \ 

10- Cylinders should never te used as rblTers, supports, or for any 
^pwrpose other than to contain the; contents as received, 

11, Cylinders should not be placed where they might become part, of an 
electric ci rcuit, . - . M y 

12, Cylinders must not be lifted with, an- electromagnetic crane or by 
slings, ropes or chains, - 

13, Lifting by crane should be done only>when a .suitably cradle pjy^~ 
platform is provided, * (5ee Figure/^.) 4 

14, .Cyl indef valves should always be/kept closed, 

15, Cyl inder must be- stored in accordance with appropriate standards, 

- * ' I 

4 •* > < 

ACTIVITY 5: 

List from memory 10 of the 1£ general safety rules 
dfc^ling with cylinders* (Cover the list above as you 



1, 

* 

2. 
- 3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 



OBJECTIVE * Describe the txpe's of cyl inder ilamage and 
the methods and criteria for periodic inspection. 



High-pressure compressed gas Cylinders are ,prboftested by hydrostatic 
tfestirig at the time of manufacture? /During hydrostatic testing, water is 

? . SH-26/Page 13 
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pumped into the cylinder to one and a' half times the working or service 
pressure, usually 3360 psig to 4000 psig. The^ cylinder is evaluated either 
by reading the amount ,of liquid displaced from a special external te$t 
chamber, or by holding .the pfessure and checking for any drop in pressure. 
A drop in pressure. would' signify a physical expansion (yield) of the cylin- 
der. The amount of allowable yield is controlled by DOT specifications and 
must be subjected to retesting at either fiye- qr ten-year intervals. Low- 
pressure .cylinders .( such as adfetylene cylinders) cannot be hydrostatically 
tested because oftfhgir "solid" filled design. All compressed gas cylinders 
must be subjected to deta?le<^visual tests by' the vendor for corrosion, 
dents, cuts, gouges, digs,* fire damage, and arc strikes. Usjers^ of these cy- 
linders should klso be aware of the visual indications of cylinder damage/ 
Cylinders should be free of^ny surface contamination, rust', mud, or exces- 
sive coatings <ff paint so that visual inspection can be readily performed. 

As^pch cylinder is delivered from the vendor or selected for use from 
storage, the worker can readily, inspect /or bbviaus damage* such as; 

• Dents: Dents 'in areas of welds should not be greater than 1/4 

inch* deep. Qptnts not inwejded areas should, not exceed a depth of 

* * 1/10 of the TOtal derrt diameter. . 

; n * 

• Cuts, Gquges, or Digs:^ These defects not only reduce the thick- 
ness of the cylinder wa -1 1 ; but also act as stress risers. Al- 
though the original wall thickness may not be. known, a cylinder 
should hot be used in-service if the defect exceeds half the mini- 
mum allowable wall thickness specified by DOT. Depending on the 
'design 'criteria, a gouge of 1/32" of an inch deep could be just 
cause for rejecting a- cylinder. Careful handling of cylinders can 

• help to'ensure, personal safety as well as provide an economical 
' . advantage. — - . 

/ Pits-, Line "Corrosion: Isolated -pitting up to one third of the-rf&71 
. thickness is allowed. However, evidence- "of line corrosion that exceed 
* three inches in length or* pits that exceed, 3/64 of an inch in a $en$ral 
cofrosioh area should be grounds for removing the cylinder from ser- 
vice. This type -of defect J.s prevalent on the bottom of cylinders that 
have been set on wet ground.* Extensive corrosion can also be checked 
for by weighingtthe cylinder before it is filled by the vendor. Any 
cylinder that wefghs less than 95% of its original tare" (ertipty) weight 
should be rejected. 1 * 

*• Evidence of fire damage, arc strHces, or obvious bulges are cause for 
removal of cylinders from service, as are obvious distortion valves. 



• * 
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The worker should advise the immediate supervisor or'the vendor upon 
discovering such defects.- \ . 



ACTIVITY 6: - 



(Fill in-the blanks,) ' 

1. The DOT controls the acceptance of high-pressure • 
cyjinders^y /testing on a 
periodic basis, < , 

2. Although the vendor is responsible, the workers 
shpuld visually tqspect each cylinder they use for 

. ' defects such as:< 



\ < 



a. 
b. 
c. 
d. 
e. 



•J 



f 



OBJECTivl 7: Describe the types of storage areas ac- 
ceptable for safe storage of compressed. gas cylinders. 



CylirKlerSjShould be/stpred in a definitely assigned location that pos« 
sesseS or* allows the following physical conditions to exist: 



1. 

2. 
3. 
4. 

5: 

6. 

7. 



Full and empty cylinders should be stored separately. Empties 
should be marked "MT H }wfth chalk. 

All cylinders must be secured io upright (fosition. 

Storage, areas should be dry,, cool, and well yent Hated. 

Cylinders' should not be store* near radiators or o'ther sources of 
Fadiant "heat. < ^ 

Sparks and flames must be-4cept .away from cylinders*. 

Cylinders should not be stored near highly flammable substances 
sue* as oil, gasoline, w$ste, and so fogth. 

Flammable gases must not be stored within 20 feet of oxygen unless 
they are Separated by \ noncombustible 5-foot high wall with half 
an hour fire resistance. > . 



I 

SH-26/Page 15 



ERIC 



&. Protective caps should be on all cylinders exaept when in use. 
9. Cylinder valves should be kept closed on empty cylinders. ' • 

10. Indoor storage'of fuel gas should be limited to a'total capacity 
»of 2000 cubic feet or 300 pounds of liquefied petroleum gas. 

11. Cylinders must not be kept in urtVenti lated encldSufes such as <s 
lockers and cupboards. m " 

f2. Cylinders should be kept away from stairs, elevattfrs, or gangways 
* where movement of equipment may cause damage, or where iteips^jnay 
b£ dropped onto cylinders. , % 

13. Cylinders should be stored on a level *fi reproof floor. 

14. Cylinders 3hou1d be protected from extremes of weather, accumula- 
, tions of ice, snow, or continuous, direct f summer sun rays.* 

f5. Cylinders shbuld never be subjected to femp-eratures approaching 
130°F. 'Jmf 

16. Oi rect_ flame or electric arc should never be allowed to contact 

any part of a cylinder. N ' 

17. In storage areas, smoking should not be allowed, source of 
ignition should be permitted. Wiring should be in conduits and' 
lights should be enclosed. Electric switches should be^ iTCated 
outside the room. 

Worker^ on constructi6n sites wiTl have to expend extra effort in en- 
suring the specffic storage criteria are met. The *need for Safe handling of 
cylinders and for guarding against cylinder damage ts often .hard to* accom- 
plish on construction sites. The safety of otlte'rs who .may handle the cylin- 
ders months later is s.til'1 the responsibility of each worker. 



j 



ACTIVITY^: 



I 

r - - 



1. List the storage criteria for empty cylinders, 



a. 
b. 



-> — 



2. List the storage' criteria for /uel gas cylinders, 



a. 



b. A 4 

; / 

c , : . a 

d. ' - 



4- 
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objective k , Name the types of vehicles and containers 
tbat'ar^ widlly us^d,in the transport of compressed 
flase$. , 



6ases may be shipped 6y highway, rail, waterway, or air. By rail, 
gases trave] Jn tank cars or TMU cars (tQn multi-unU, oj* ton containers). 
— ^ Ra i 1 tank cars are large pressure tanks with a opacity ranging up to 10,000 
gallons for comprfessed gases and up to 60,000 gallons for liquefied petro- 
leum products. These tank carl are built either insulated or noninsulated 
and can accommodate a maximum pressure of 600 psig. 

The TMU' is a flat bed rail car with, fifteen cylinder tanks, which 
accommodate pressures from 500 ,to 1000 psig. TMU containers used tjp^store 
1 iqgef ied jgases are equipped with two valves, one for vapor and one^for 
liquid, each of which is protected against damage by a hood. Sometimes TMU 
units have fusible plugs that melt*at temperatures between 155°F - 165°F. 

Three main types of vehicles, are used for carrying tompr^ssed gases on 
*the hfghway; cargo tanks, portable tanks, a*nd tgbe trailers. Chrgo tanks 
are % mounted* on small truck £rai^es or on the larger beds of semttra-ilers* 
^ Some cargo tanks ace provided with codling coils; others are merely insu- 
lated . ^ * 
/ Portable taoks, long cylinders with two legs on ea*(3Lend, are available 

in many sizes (from 120 gallon to 2000 gaMon volume) ^nd with a capacity m 

#* * 

for various pressures {ftom 100 psig to 500 psig). 

Tube trailers cAn be used to store gases at higher pressures - jjp to 
2000 psig. These semitrailers carry Series of cylinders (tubes) all 
.joined togeJthef a\ a common head. ^ ' 



ACTIVITY *: 



II:. v - State why TMU containers used to store^ liquef ltd 
gases are equipped with two valves. 
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2. Which type of vehicle is used to store gases at" 
t pressures up to 2000 psig? g 



■V 



OBJECTIVE 9: State the classification of gas contained 
in a cylinder or tank by identifying the DOLJabel. 



V 



The classification and^rking of compressed gas cylinders ^n^tanks is 

required by government regulations under the control of the Department of- 

Transportation an8 the Occupational' Safety and HeaUh 'Administration (29 CFR 

1910, Subpart Q)1 Two standards organizations have 'been involved in the 

setting of these standards: Ameri can .Wei ding Society and American National 

v ■ j 

Standards' Institute (Z48). ' k t * 

Each compressed gas cylinder must be, readily identifiable as to con- 
sent* Th'is identification is by color code, or. by lettering that states the 
category of gas, names the'content, and gives a brief statement of hazard. 

■Shown in 'Figure 4 are typical examples of labels the worker should look 
for before psing the contents of any cylinder. , , 

Manufacturers 'and distributors may elect to help the worker identify 
the cylinder contents by painting either the cylinder neck ring qr the com- 
plete cylinder tire correct color for the gas contained' (Tatrte 2). However, 
tiie worker should be aware that ^checking the label is the only sure means of 
gas identificatfon. ^ 

The student and worker should remember that e*en nonflammable gases can 
be hazardous. Oxygen of high'purity and at ttie Mflh concentration available 
at the compressed gas valve can c6use instantaneous combustion (explosion). ' 
in the presence of o1lv-9rease, and coal dust. Oxygen- supports combustion 
so 'violently that it must .be. kept away from all combustibles. 

• Gases such*as argon, although in§rt>(nonreacti ye) , can displace the 
breathing aic 1rf confined areas an<J cause ^sp^xiatiop. 

Compressed gas cylinders. displaying sk\^ll and crossbones (poison), 
acute toxicity, ,or radioactive labels should not be handled/Without special 
training and equipment. 
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Figure 4. Typical DOT labels for compressed gases. 



i 

\ 

TABCE '2. ' TYPICAL COLOR CODE. 









>4 


Cdmpressed 
Gas 


Class 


Label * 


typical Cylinder 
Color 


Acetylene 


Flammable • • 


Red- 


Red-Black-Gray-Orange 


MAPP* 


Flammable 


Red 


. Yellow 


Oxygen- 


Nonf lamn^ble 


'Green 


Grean-gray 4 


Argon 
< 


Nonflammable 
(ine^t) 


Green 


Brown 


Air' 


Nonflammable 


Green 


Cream 


Helium 


' Nonflammable - 
(1nert)\ 


Grefn 


Brown 


Hydrogen . 


Flammable (very) 


Red 


Red 


C0 2 - 


. Nonflammable 
(semi-inert) 


.Green 

- # 


Silver c ' 1 


Phosphlne 


Poison 


White 


Red (Sfcall and Crossbones) 



4 



< 
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' The Department of Transportation labels shown in Figure 4 are used to 
tdentify the contents of tank cars, tube trailers, and TMU cars 'as well as 
'for cylinders. 



ACTIVITY 9: 



(Circle either True or False.) 

1. A^red DOL label indicates a flammable compressed 
gas is contained in that cylinder** 
True . False 
2 t A green DOT label indicates a nonflammable com- 
pressed g^s, and no safety hazards are associated, 
with these gases. » * 
True False 

3. Although some manufacturers do color code their cy- 
linders, the worker can bp sure only of the label. 

True False 

4. One should never remove or intentionally mutilate 
tfje label on a cylinder. 

•True False 

5. * A white label indicates pure, hazard-frge gas. 

True False 



OBJECTiVEjlO^^Xxplain the effect of heat on gas cylin- 
ders and tanks Containing flammable gases. 



.Many gases are stored and transported in^ steel cylinders. Oxygen, 
ihydrogerT; nitrogen, air, and other gases that are available in cylindefs 
should be handled wUrt caution: stored upright, secured to a fixed struc- 
ture, and protected from high temperatures. i 

If a gas enclosed in a cylinder is heated so that its temperature 
rises, the pressure of the gas will also increase. As long as the tempera- 
ture of the # c^3s dOfrs not rise above 125°F, the ^cjas is assumed tt> be safe. 
If the gas does exceed this temperature (and even the sun 1 * rays xan produce 
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enough heat to do this), the cylinder is, likely to burst,- usually near its 
valve, and will have all the f orce and deadly nature of a unguided missle. 
The danger associated* with ruptured cyl infers includes the high spe^d ^ith 
which they are propelled escapvng gas as well as the explosion and flame 
of flammable gas.es!. ' 

When tanks -containing highly flammable gases under pressure are ^posed 
to flames, as frequently occurs -during raal and truck accidents, a similar 
hazard exists.. Gases shipped^ in tank cars often separate into two phases, a 
heavy liquid phase at the bottom of the tank, and a gasgous ptiase in the 
area above. * ,If flames resulting from the puncture of a nearby gas tank con-^ 
tact *the tank car containing flammable gas, the flammable gas tank shell 
will be weakened and the liquid may begin to boil. The pressure can become 
so great that even a venting mechanism in the tank cannot relieve it quickly 
enough to avoid explosion. This type of explosion is known as a BLEVE (pro- 
nounced ~blevey" ) ; the letters stand for Boiling Liquid Expanding Vapor Ex- 
plosion. , A BLEVE Can take place from ten to thirty minutes after flames 
first come in contact with the tank car. A BLEVE results in enormous de- 
struction from the initial fire and explosion, secondary* explosions, as well 
as flying fragments of the tank. m 



ACTIVITY 10: 



BLEVE stands for 



objective'11: Identify the particular hazards 'Of oxy- 
gen, acetylene, MAPP gas, natural gas, liquefied petro- 
leum gas, chlorine, ammonia, hydrogen, carbon dioxide, 
^ and fluorine. ^ 



Certain gases are in frequeill use in many different fields, and have a 



dumber of* hazards associated with them. The hazards of some of these gases 
unc 



are' reviewed under this objective,, J 
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OXYGEN ' • 

♦ 

/ Oxygen is us.ed witfi acetylene for wejding; to assist breathing, ta 
stimulate the heart, and' to aid in other treatments io the medical field; 
and to increase the efficiency of blast furnaces, 1 . 

Although oxygen supports combustion, it does not burn. Oxygen. is con- 
sidered' a hazardous element because flammable materials bum much faster in 
oxygen, and oxygen can quickly combine with other elements and comnounds to 
produce spontaneous ignition. When oxygen comes into contact with oil, 
grease, or fuel oils, the result can be a sucjden and violent fire. Employ- 
ees involved in the handling of this gas must take every precaution to pre- 
vent the combination. Liquid oxygen can be equally dangerous if not handled 
properly. A ^burning cigarette dropp^ into liquid oxygen will produce a 
flame two feet bigh, and even shredded metal will burn if exposed to it. 
Open flames and smqjcing must never be allowed near oxygen storage areas. 

ACETYLENE* • , 

Acetylene is used with oxygen in welding and cutting operations. Acet- 
ylene is also, used in the manufacture of plastics, organic compounds * such as 
acetic acid and acetone, drycleaning solvents, paints, synthetic fabrics, 
and Plexiglas. 

Acetylene has the widest flammable range known and is classified as an 
asphyxiant. Under certain conditions, it can form compounds with silver, 
copper, and mercury that explode spontaneously. Acetylene is stored in cy- 
linders at & pressure of 25P psig. .The cylinders contain a porous material 
and acetpne to absorb acetyllne in a stabilized condition. 

MAPP GAS 

MAPP gas refers to methyl acetylene propadiene, a stable liquefied 
petroleum gas that is used as a substitute for acetylene. MAPP is not as 
shock sensitive or as flammable as acetylene. 



4 

or 
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NATURAL* GAS (METHANE) * m % 

Methane is the major constituent, in natural gas. In addition to being' . 
flammable (its high heat of combustion is # what makes it desirable as a head- 
ing* fuel)', methane works as an asphyxiant by excluding oxygen from the 
lungs? Therefore, a methane atmosphehe can be deadly, in a confined area as 
it causes suffocation, but methane is not toxic. 

Small amounts of ethane and propane are also contained in natural gas. 
In addition, a chemical called mercaptan-is adcfed in extremely smalO amounts 
to give, a warning odor to natural gas. $ . w» 

Natural gas is usually compressed and sent through p1 pel ines. Broken 
pipes are one type of natural gas emergency. Leaks can occur indoors or 
outdoors, ajd must be dealt with immediately. It is important to realize 
that if a leak has not ignited yet«, it can at any moment. 

. The following procedures ^should be observed ip the case of a gas leak: 

• Not-ify gas company." 

• Evacuate the 3rea or building. 

• If outdoors, eliminate ignition sources and then ^hut off'tfhe supply of 
gas. ' X — 

• If indoors, shut off the supply . fi rst, then eliminate the ignition 

sources, and ventilate the building. 
* * > 

• S£and by at a distance. 

follow these procedures if a fire h$s already begun: 
v Notify the. gas company. . 

• If outdoors,- aTlow the gas to burn and evacuate the area-. Protect sur- 
rounding exposures and stand by at a safe distance. 

• If indoors, shut the supply off, then extinguish the fire and/or pro- 
tect the surroundiftg area until the gas supply is off. 

LIQUEFIED PETROLEUM 

Although they fre nontcn^t and noncorrosi ve, # the two widely used lique- 
fied petroleum gases, propane and butane, are hazardous because of tfyelr * 
freezing capacity and thei r 'flammabl 1 ity. BLEVES (discussed in Objective 
10) have occurred during the transport of LP ga^. 
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Propane and butane leaks can be detected by the odor of mercaptan. 
Liquid propane creates a vapor cloud as it converts to a g$s. The important 
actions to take regarding a leak are to notify authorities, avoid contact 
with the escaping gas,*stop the flow of->gas if possible, and keep aj 1 ignl- 
tion sources away. 1 

CHLORINt / ^ % 

Chlorine, a- greenish-yeJlow gas with a strong, unpleasant odor, is 

fcujnd around water treatment plants, swimming pools, and other areas where 

» 

bacteria control is carried out. 

Chlorine is not flammable, T>ut it can react wltrt|orgaflic compounds such 
as petroleum products, ethers, and alcohols with explosi ve^violence^ It is 
r a toxic, cdfros.ive, very irritating gas. If mixtfd with acetylene^jpit will 
explod^ when exposed to sunlight. Never u$e water on a chlorine leak.. Only 
slightly soluble in water*, chlorine reacts with water to form hypochlorous 
and hydrochloric acids which eat into iron and ste^l. Iron and steel are 
not affected by dry chlorine ^at lower temperatures; however, .those metals 
used in chloTTne^iys terns must * be kept dry at all times. 

Chlorine l^ks rtlust be handled with extreme caution. r A tipped chlorine 
gas, cyllhtfj^'must-ber^et upright so that gTs and not liquid escapes (much * 
more chloMne gas will be formed if thp liquid is allowed to \eak). Fire 
fighters should wear sel f-conlfcl^ed breathing apparatus. -Caustic soda, soda 
ash,- or hydrated lime 'may be used\s 4 neutral izer of chlorine. Water only 
produces corrosive hydrochloric add. Any large chlorfne leak requires' 
evacuation of the immediate area. 

4 v '* • . ' 

AMMONIA . ; t - a 

AndBL. fs xolbrJesS, lighter than air, has a piercing odor, and is 
highly 1^fct1ng to. the, eyes, skin, and respl rator^/tract. The National 
Insfitute for Occupational Safety and Healthy (NltfSHj^l sts 81. occupations. 
' with potentially hazardous exposure's to ammonia.^ They range from acetylene 
worters and farmers to -tanners and wool scourers. The substance 1s widely, * 
used ?s a fertilizer' and refrigerant, y ^ 
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Anhydrous ammonia 1s the purje dry gas* Liquid anhydrous ammonia 1,s 
this gas confessed into a liquid. , Ammonium hydroxide is gaseous \mmonta 
dissolved in wa£*r. Anhydrous -ammonia 1s flammable;/ and though its flam- • 
mable range is very high, ammonia fires and explosfons are not uncommon. 
The chief hazard of ammonia are freeze burns, severe eye injury, and death 
from inhalation of high concentration?!' In Indust^al plants and other 
workplaces, unauthorized employees must never enter ammonia-hazard areas. 
Gas masks and , other protective equipment must be located within easy reach. 
In ttie ^vent of ammonia exposure, the skin and eyes of the victim should be 
Immediately flushed with plenty of potable water, and rrfedical attention must 
be^sought at once. Employees authorized to handle anhydrous or strong aqua 
ammonl^-must wear §loves, shoe covers, and aprons that are impervious to am- 
monia. They must^Hsp wear eye and Itace protective equipment. 

HYDROGEN * . 

Hydrogen, the lightest of all elements; both colorless and odor- 
less. Its'flammable range 1s almost as wide as that pf acetylene. A mix- 
ture of 10 to 65 percent in *ir wi 1 1 ^explode If^^rTited. Hydrogtn -1s Clas- 
sified as an asphyxiant. . * 

Some chemldal reactions produce hydrogen as/a byproduct. A l^adj^id 
battery will pr^luce hydrogen when being changed. Many electroplating pro- 
cesses alVo prdffuce "hydrogen. Some chemftals used to remove scale from the 
water side 'of boilers manufacture hydrogen. 'Whatever the operation, it is 
important to know wfiether hydrogen will>e produced, and measures must be 
taken to prevent its accumulation and Ignjtion^^his 1s accomplished by 
proper vei*^ti&* and elimination of possible sources of ignition. 

St<Hif hydrogen is difficult. This gas triesyto find its w^y out of 
confinement and will seek' the smallest 'opening 1n a pipe or container. Pipe 
threads and stems must be tight, because a high pressure hydrogen leak can 
ignite spontaneously, -ttfe cause being the friction of its owri escape. All ^ 
flammable gas leaks are dangerous and particularly so when, as 1n the case 
>6f hydrogen, they can be neither Seen or smelled. 
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' .CARBON DIOXIDE - 

Carbon dioxide, which is odorless, colorless, and heavier than air,, is 
' toxic when high percentages are present and can sc^use death when encountered 
in asphyxiating concentrations,' This ^as is not flammable and is in common 
use as a fire extinguishing agent. Because of Usability to*displace oxy- 
^ gen f 1t will smother the fires of petroleum, coal/ and wood; but the^'fires 
-of magnesium, sodium, potassium, 1 and metal hydrides will burn rapidly ip an 
atmosphere of carbon divide. 

\ FLUORINE » * 

Fluorine is a pale yellow, corrosive,' and poisonous gas that attacks 
a\> ibut a few materials. Fluorine and acetylene mixtures also may explode 
if exposed to light. 



ketlVlTY 11: 



1.* Name at least one hazard associated with each of 
the gases listed. 

a. Oxygen [ 



b. Acetylene 
c* Methane 



d. Liquefied petroleum 

e. Chlorine 

f . Hydrogen 



2. Mark the fallowing statements true or*false. 

a. A -chlorine liquid leak will result in mch 

more vapor forming than a chlorine gas 
leak. 

b. Methane can be classified as a toxic* gas. 

c. Methane is the major constituent of natu- 

' ral gas. 

, d^. Oxygen will burn readily. 1 

e. Acetylene has the widest flammable range 

known. 
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OBJECTIVE 12: Identl fy three main hazards associated/ 

♦ -\ * 

, w4th cryogens ami tell the n particular hazards associate^ 
^with liquid oxygen; ^iquid'fluorine^and liquid nitro- 
gen^ V.' , » ' 

Gases can be converted to "liquids by a decrease in temperature, an in- 
crease in pressure, or'both. Each. gas. has a certain temperature, called the 
critical temperature, above which pressure alone cannot condense the/qas to 
liquid form'. For example, carbon, dioxide can be changed from a gaseous to 
liquid form 1f sufficient pressure 1s applied while the gas 1s below 88°F. 
If the gas goes above 88°F, no amount of pressure will be sufficient to liq- 
uefy the gas. Gases that must be cooled to less than -150°F to bring about 
this liquefication- (that 1s, their critical temperature 1s below -150°F) are 
called cryogens. For example, hydrogen, oxygen, and methane are classified 

Ss cryogens becaus* each of these substances must be cooled to below -150°F 
before- converting to a liquid. - 

Cryogenic techniques are -appl ied- to many Industrial and medical sltua- 

'tion§. W1th"cryogen1c gases, ,fo6d can be flash "frcpzen; blood can be stored 
for 6 ' long perfods"of time; electrical power can be distributed more economi- 
cally. Steel mills, hospital^ and aerospace companies have Improved opera- 
tions through the use of cryogenic gases. Many gases that used to be trans- 
ported 1n compressed gas form 'are now. handled efficiently and-.'at a savings 
1n a liquid form. The Increased economy associated with transportation and 
storage of cryogenic gases 1* accompanied by several new hazards. 

Cryogens are stored in dbu^le-wal Ted glass containers known as Dewar 
flasks. Special care 1s required in'the handling of -cryogens; three main 
hazards' must be considered: a high expansion, rate ( on vaporization, an abil- 
ity to liquefy other gases, and a potential to damage living tissue. 

Cryogens have a high expansion rate when they vaporize. For example, 
liqudd methane expands to 630 times Its *1qu1d volume when 1£ vaporizes. If 
'the copling mechanism should fail for arty reason, the resulting expansion of 

' • *' i 
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gas would create trefDendous p&ssure within the storage container. Proper 

-renting devices must-'be provided in case of such an occurrence, ^ \ 

Since cryogenic fluids rfre extremely cold, they have the capacity to 

liquefy and e*en solidify other gases. In situations where rapid expansion . 

is taking place (as mentioned in'the above paragraph) , the solidifying of 

air by escaping gas is a serious problem. If air is solidified in the vent* 

1 rrg tubes of storage containers', theh the venting passage will be blocked 

and no release of 'pressure will be*able to take place. 

CryOgen contact can be damaging to living tissue, just as hot burns^^ 

are. Not only skin tissue is damaged by the extreme cold of a splashing 

cryogenic fluid, but local circulation of blood may be stopped, also. The 

real daftger of arrested circulation Vies in the possibility of blood clot 

formation as the tissue thaws. 'Skin tissue that has been exposed to cryo-y 

• genie fluids should be restored ttf normal temperature as soon as^possible by 

immersing the affected area of the body "into water around 108°F. Personal 

protective equipment (PPE) must be worn 6y workers handling cryogens. PPE 

should incfude splash goggles, fa^shieTds, gloves^and protective clothing. 

Certain cryogenic gases with a bfgh hazard potential are discussed ; - 
» 

below. 

LIQUID OXYGEN : * 

"» 

LiqOid oxygen, known as L&X,*>is hazardous in several ways. Because it 
supports combustion, most •all pQmbustible organfc materials burn in its 
<-^fe<en<fe. Combustible organic material includes thousands of substances in 
everyday use, such as grease, oil* wood, cloth, even aspKalt. 

• Protective clothing must be worn to cover the whole body when workers 
are handling LOX. AnyclotWng that becomes contaminated with oxygen should 
be kept away from any ignition source and removed from the wearer as soon as 
possible. ' LOX burns should be treated^immed lately in water around 108°F; 

idle, 1 

LOX should be stopped $s a first step in controlling the fire. Water spray 
may then be used, but care should be. taken not to spray water on safety- 
relief devices, since they can be blocked by ice. 
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then qualified medical help should be sought". 

LOX fires are more intense v than roost fires. , If possiBle, the flow of 



LIQUID FLUORINE . ' 

» > 

Fluorine is extremely toxic apd corrosive, as well as being an oxi- ^ 
dizer. Fluorine will burn in combination with many substances, and even 're- 
acts, with concrete and steel, thi^is having to be. contained in-. special, high- 
purity steel containers. Fluorine can cause both cryogenic and chemical 

burns, < 

• , \ 

LIQUID NITROGEN . 

" liquid rritrogen doelf not support combustion, so its hazard potential is 
less than that of liquid *Qxygen-.and liquid f lnprine\^The greatest danger 
associated with its use are freezing and sudden expansion. Sudden expansion 
rtn cause asphyxiation (-death due to 'lack of air) 1 f % a liqyid nitrogen con- 
tainer ruptures 1n a closed space. One cubic foot of liquid nitrogen* cart 
expand *o 681 cubic f^et of vapor! 

LIQUID HELIUM 9 

liquid helium, the coldest of the cryogenic gajes, is used as a cooling 
medium for nuclear reactors and as protective layer for electronic work. 
Freezing is' one hazard associated with^helium. 

LIQUID HYDROGEN ' \ 

Hydrogen fs highly [flammable, and therefore extreme precuatlons must' be 
taken 1n Its handling. < 

LIQUID NATURAL GAS 

In' Its liquid form, natural gas is odor-free, /he substance mercaptan 
that 1s added to it to create an odor warning '1s added after the liquid is 
vaportred. Also, as natural gas forms a vapor from its liquid state, it is 
coTHer and heavier than air. These factors should be known to those who may 
have to fight a liquid natural gas fire. 
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MXWVff 12: 



1. 



List tjiree main hazards associate^ith cryogenic 
gases: 



a. 
b. 
c. 



2. The tendency of cryogens to. liquefy or solidify v 

other gases can be a problem bec^j^ - 

-Va, - If air v in venting tubes is solidified, the 
venting tubes will break/ 

b. . If air inr vesting tubes is solidified, venting 

cannot take plac^. 

c. If Sir in venting tubes is solidified, rapid 
expansion cannot take place, 4 

d. All of the abve Jre true, 

3, Rapid expansion of vapor can cause - 

a. Asphyxiation in a closed container^, 

b. Tremendous pressure within a storage unit, 
« 



1 



c. 
d. 



Rppture Qf a Storage junit. 
All of the above are true. 



j 



OBJECTIVE 13^ Explain the difference between medical- 
use and industrial-use gases and give five examples of* 
« medical uses for gases. 



^ledifcal-use gases are different front industrial-use gases only in their 
degree of purity. While the Impurities of regular compressed .gases are mea- 
sured 1n parts per hundred, impurities in medical gases are measured" in 
parts per ^mi 1 1 1 on • 

A number pf compressed gases have an Important role in medical treat-' 
ment. Oxygends used to assist breathing in oxygen tents and masks. Ni- 
trous oxide, better known as laughing gas, 1s an anesthetic agent. Helium 
H used 1n conjunction with oxygen in treating obstructive lung disease, 
•Cyclopropane is a general anesthetic, but because it is highly explosive 
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when mixed with oxygaQLjt is not commonly used. Carbon dioxide is used in 
certain abdominal d^jjhostic tests, and in concentrations of 5% to 95% oxy- 



gen is used to clear hyperventilation! 



/ 



The handling and storage precautions for m^dical^ly applied Compressed 
gases are* similar or identical to those required for other compressed 
gases. 



ACTIVITY 13: 



1. 



2. 



Complete the statement: 

The main difference in gases used for medical pur- 
poses an<J gases used for industrial purposes is the 

^\ ; • 

Name five ^ases th^t have medical applications and 
. tell i>ne w^ in which each Ms used* 



a. 
b. 
c. 
d. 
e. 



OBJECTIVE 14: Describe the general safety hazards in 
using compressed air. 



Compressed air, similar to that used to inflate automobi le, ti res , has 
found many uses in industry as power for pneumatic wrenches, staple guns, 
grinders, drills, and many other standard tools. Although air do.es not have 
the shock potential of electric tools or the explosive nature of arcs, air 
must be used carefully. . 

One of the most common uses of air, cleaning parts, should be re-eval- 
uated. Whenever possible, workers should consider the use of vacuum jnethods 
to cut down on air contaminants* and keep from blowing foreign matter into 
their eyes. If compressed air must be used for cleaning, the pressure must 
be limited to 30 psig. 
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The compressed air pressure required for many pieces of equipment are * 
80- to 90 psig. Air at these pressures can be'come a hazard if an air hose 
ruptures, or. if another workers pulls or breaks the line by trapping over 
it, or if % a splice lets go. This air hose will whip violently ahd could 
cause injCiry unless the air val^e is shut off quickly. 

Horseplay with compressed air can cause rupture of the ear drums, and 
the injection, of air into any body orifice or skin puncture can, cause fatal 
or irreparable damage. | 

To safeguard 'against accidental starting of air equipment, hand-oper- 
ated "interlocks tjhat require both- hands to be on the equipment are sometimes 
used. Regulators for reducing line pressure from up to 125 psig to 30 psig 
for general cleaning nozzle work are recommended. Pfessure relief devices 
>such as shown in Figure 5 are also ^commonly used for safety measures. 

Tanks that hold compressed 
air are called receivers. These 
receivers must be manufactured in 
accordance with the American 
Society of Mechanical Engineers 
(ASME) Pressure Vessel Code Div I 
Section V4II; or must have a n4me- 
plate indicating the manufacturer 
and the test pressure. All safety 
relief halves, piping, and com- 
pressors must comply with ANSI B19 
(Safety Code for Compressed Air 
Machinery and Equipment). 

The welder should neyer alter 
or weld on a receiver. Drains 
should be located so moisture can 
be .readily removed from the system 
to limit' corrosion. 

Compressed air is sometimes 
supplied in portable high-pressure 
cylinders (2200 psig). These cylinders must be treated with the same re- 
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sifect as other high-pressure cojD&r^ssefl gases. To ensure "that air is not 
confused with oxygen, use black hoses for air and green hoses for oxygen. 
The use of oxygen in air too^Jhat are" lubricated with oil will cause the 
air (pneumatic) tool to explode. 



(Fill in the blanks.) 



ACTIVITY 14: 



1. 

2. 
3.~ 

4. 
5. 



Pneumatic tools using compressed air for a --power 

source will not cause • as will .electric 

power tools. 

Air pressures in excess of 



psig should not 
be used for cleaning. 

If -an air hose breaks, th* supply 

of air before trying to grab the hose end. 

With an air hose could be fatal. . 

Air receivers shouW not~6e altered because tftey 
have been specifically, designed and fabricated to 
Code Div/ I Sect. VIII. 



6.* Use of oxygen in a pneumatic tool can cause 
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ANSWERS TO ACTIVITIES 



ACTIVITY 1 



1. 



25 psig. 
2. Liquid* cryogenic. 

.ACTIVITY 2 



1. 


c. 


2. 


h. 


3. 


g. 


4. 


a. 


5. 


d. 


6. 


b! 


7. 


f. 


8. 


e. 



\ 



ACTIVITY 3 

1. Chromolly. • 

2. One. 

3. Welded - ASME. 

4. 2400. 

ACTIVITY 4 

1. Safety r rel 1ef valve. 

2. Fusible plug. 

3. Frangible disc. 0 

ACTIVITY 5 ' 

Any 18 of the 15 rules given oh pages 12 and 13. 

ACTIVITY. 6 . 

1. Hydrostatic. 

2. Any five. 

a. -Bulges. 

b. ' Pits. 
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j c. Cuts. 

d. Gouges. 

e. Digs. — 

f. Dents. \^ 

ACTIVITY 7 

1. a. Separate from full cylinders. * y 

b. Away from external heat. 

c. Well ventilated area. * 

2. a. Away from sparks and flames. 

b. Flammable substance. * ^ 

c. Stored upright. 

d. Dry and ctfol . 

e. At temperatures below 130°F. • 

ACTIVITY 8 

1. One is for liquid leaks arid one is for venting of qases. 
* 2. Tube trailers. 
* ACTIVITY ? 

1. True. 

2. ' False. * ♦ n 

3. • True. 

4. 'Truer' 

r 5. * False. • 

ACTIVITY 10 ^ 

Boi ling liquid Expanding Vapor Explosion. 

ACTIVITY 11 ^ 

.1. a. Supports combustion. 

b. Extremely flammable, asphyxiant, wilj explode in certain 

f compounds. (Any one.) - l . 

- -c. Fiammable t asphyxiant (any one). 

d. Have "freezing capacity, explosive (any one). 

e. Toxic, corrosive, explosive (any one). 

f. Flammable, asphyxiant (any one). * 
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2. a. True, ' . 
„ b. False, 

c. True, 

~ d. False, 

e. True. 

ACTIVITY 12 

a. Hi'gh expansion .rate. 

b. Ability to liquefy othergases, 

c. /^bi^lity to damage living tissue. 

2i b. * 

3. d. • 

ACTIVITY 13 

1. Degree of purity. 

2. a. Oxygen - to assist breathing (masks and tents). 

b. Nitrous oxide - anesthetic. 

c. Cyclopropane - anesthetic. 

-d. Helium - treating obstructive lung disease, 

e. Carbon dioxide - certain abdominal diagnostic^ tests 

ACTIVITY 14 ^ 
1. Shock. / 
' 2. 30. 

3. Shut-off. » 
4.. Horseplay. 

5. / AMSE. 

6. Explosion.- 
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